Introduction {#sec1}
============

In nutrition, it is not only important to determine what kinds of interventions are effective but also to establish the process of how they are implemented and the issues and problems stakeholders face in that implementation ([@bib1], [@bib2]). This requires a set of methods to describe and interpret the processes by which individuals arrive at decisions about nutrition-related behaviors, as well as knowledge about the economic, political, social, and ethical factors that drive those decisions ([@bib1], [@bib3]). Individuals' cognitive processes---how they perceive and organize the wide array of information they receive and the value judgments they make about it---have been consistently shown to be important determinants of nutrition-related behaviors ([@bib4], [@bib5]). These processes are dynamic and change with life experiences, including exposure to interventions. At present, the cognitive processes underlying nutrition-related behaviors are often not measured or captured in evaluations of nutrition outcomes.

Describing and interpreting the ways individuals think about information requires techniques from multiple disciplines. Because individuals' perceptions are shaped by cultural norms and standards ([@bib5]), investigators need tools to examine cultural patterns and shared cognitive models ([@bib3], [@bib8]). Pile sorting is one such technique. Pile sorting is a cognitive mapping methodology used in anthropology, psychology, and other disciplines to empirically describe how people cognitively shelve or organize information and items within a cultural domain ([@bib8], [@bib9]). The relations between different items can be visually represented as "cognitive maps" ([@bib9]). Pile sorting has been applied in the fields of health and nutrition to study women\'s perceptions about reproductive health ([@bib10]), caregivers' perceptions about infant feeding behaviors ([@bib13]), and foods for infant and young child feeding ([@bib14]). Pile sorting permits researchers to examine cultural constructions or cultural knowledge and to analyze them graphically and statistically. Thus, pile sorting can be used to preserve an emic (or "insider\'s") view of cognitive organization based on the categorizations and patterns that emerge from participants, while also providing a means of analysis from an etic perspective of the researcher ([@bib18]). Pile sorting can also be used to supplement data from in-depth qualitative interviews with quantitative analyses that permit statistical inferences ([@bib21]).

Breastfeeding counseling is a common nutrition intervention to support infant and young child feeding. However, in many countries, breastfeeding counseling is often prescriptive ([@bib22]) and is generally provided to women uniformly, without flexibility or attention to mothers' experiences and knowledge ([@bib25]). By using cognitive mapping techniques to explore mothers' cognitive processes as normative cultural patterns and comparing them over time, we can better understand mothers' perspectives about infant feeding recommendations over the course of their breastfeeding experiences. This, in turn, can yield insights to promote better and timelier communication with mothers about their early infant feeding experiences ([@bib28], [@bib29]).

Effective breastfeeding management and counseling are particularly important and challenging in the context of HIV. Breastfeeding is one of the modes of vertical transmission of HIV, and HIV-infected mothers face unique and often isolating experiences in feeding their infants ([@bib22]). Many physical, biological, social, and economic facilitators and barriers influence HIV-infected mothers' perceptions about infant feeding ([@bib22], [@bib24], [@bib30]). These mothers live in environments in which evidence-based recommendations from the health center often clash with culturally based recommendations from their households, social networks, and communities ([@bib33]). Moreover, they face the moral dilemma of putting their child\'s life at risk of HIV or respecting cultural norms ([@bib33]). How HIV-infected mothers think about and prioritize infant feeding recommendations can illuminate the tension between international infant feeding guidelines and these mothers' social environments.

In this article, we explore HIV-infected Haitian mothers' perspectives about infant feeding from pregnancy through the first 5 mo postpartum. We sought to determine whether the experience of breastfeeding, including the practice of breastfeeding and other factors such as exposure to recommendations about breastfeeding, changed mothers' cognitive processes and how they perceived and prioritized infant feeding messages. We addressed the following questions: *1*) What is the cognitive structure of HIV-infected breastfeeding mothers' knowledge about infant feeding messages, and *2*) is the way that HIV-infected, breastfeeding mothers organize infant feeding messages stable over time? To answer these questions, we conducted a repeated pile-sorting task and analyzed the responses with the use of nonparametric statistical and graphical methods to explore mothers' cognitive processes over the course of their breastfeeding experience. This is a novel approach for analyzing pile-sorting results in nutrition. This approach combines the virtues of qualitative and quantitative methods to explore emic perspectives, which in nutrition research are typically analyzed with qualitative methods alone ([**Table 1**](#tbl1){ref-type="table"}).

###### 

Conceptual differences between etic and emic approaches in nutrition research

                  Qualitative approach                                                                                                                                                                                                                                                                                Quantitative approach
  --------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Etic approach   Constructs and hypotheses are predefined; subjects are asked to respond in relation to predefined categories, constructs and understandings \[e.g., What barriers do you face when trying to exclusively breastfeed for 6 mo? (with prompts for social support, time, workplace, self-efficacy)\]   Prespecified variables to measure dependent and independent variables; randomized controlled trials; prespecified regression models (e.g., What is the effect of social support on duration of exclusive breastfeeding?)
  Emic approach   Constructs emerge from the data using locally-ascribed meaning and categories \[e.g., Tell me about your experiences feeding your 3-mo-old baby? (with follow-up questions and identification of emergent themes)\]                                                                                 Varied methods to detect patterns that emerge from the data and quantitatively describe the similarities and differences (e.g., counts of emic themes, multidimensional scaling analysis of pile sorting, factor analysis of Q-sorts)

Methods {#sec2}
=======

Study context {#sec2-1}
-------------

The study was conducted in Port-au-Prince, Haiti, where exclusive breastfeeding is not the cultural norm. Although 98% of infants in Port-au-Prince are breastfed, only 68% are exclusively breastfed in the first month, 41% are exclusively breastfed at 2--3 mo, and 24% are exclusively breastfed at 4--5 mo ([@bib34]).

We recruited participants from the Haitian Group for the Study of Kaposi\'s Sarcoma and Opportunistic Infections \[Groupe Haitien d\'Etude du Sarcome de Kaposi et des Infections Opportunistes (GHESKIO)\] from June to December 2014. At GHESKIO, HIV-infected mothers receive free antenatal, postnatal, and pediatric outpatient care and are followed by GHESKIO\'s nutrition program, where they receive monthly growth monitoring and counseling for their infants ([@bib35]). They also receive infant feeding counseling during antenatal care as well as during postnatal follow-up for themselves and their children. At the time of the study, GHESKIO\'s infant feeding programs for HIV-exposed infants were aligned with the 2013 Haitian national guidelines for the prevention of mother-to-child transmission of HIV, which corresponded to the 2012 WHO guidelines for infant feeding in the context of HIV ([@bib36]). Thus, the women in our study were provided with lifelong antiretroviral therapy and received recommendations to exclusively breastfeed their HIV-exposed infants for the first 6 mo of life and to continue breastfeeding with appropriate introduction of complementary foods from 6 to 12 mo of life (or until an adequate and sustainable diet was achieved).

Study population and recruitment {#sec2-2}
--------------------------------

To characterize a population, sample size requirements for cognitive mapping techniques, including pile sorting, depend on the variability of responses among participants. In this research, our goal was to test whether there were any longitudinal changes in women\'s cognitive organization of breastfeeding information as a function of time and experience from the prenatal period through the first few months postpartum. All of the women in our sample received antenatal care from GHESKIO, were HIV-infected, were breastfeeding (or had an intention to breastfeed), received the same information by the same health providers about breastfeeding, had children of the same age, and lived in or near urban areas of Port-au-Prince. Given these characteristics, we used procedures recommended by Weller ([@bib37]) and Romney et al. ([@bib38]) to calculate a sample size for a relatively homogenous group. We determined that we needed 17--29 participants to capture the normative pattern of HIV-infected, breastfeeding women who were followed at GHESKIO 95% of the time with a 0.99 confidence level.

We purposely sampled 30 HIV-infected pregnant women who intended to breastfeed for our initial sample, to account for loss to follow-up over time. We targeted mothers who expected to deliver before September 2014. We invited them to participate in a series of 3 semistructured interviews: during pregnancy, at 0- to 1-mo postpartum, and at 3- to 5-mo postpartum. All of the mothers were initially identified by health workers during their routine antenatal care visits. We explained to potential participants that we were interested in following them over time and that their participation (or lack thereof) would not affect the care or services they received at GHESKIO.

All of the participants provided oral and written informed consent before their enrollment in the study. The consent process was provided to the mothers in Haitian Creole. Ethical approval was granted by the GHESKIO Human Ethics Committee in Port-au-Prince, Haiti, and by the Institutional Review Board for Human Participants at Cornell University in Ithaca, New York. All of the mothers received compensation for transportation to and from the clinic, as well as a culturally appropriate gift (baby clothes and a framed photograph of their infant) to thank them for their participation in the study.

Data collection {#sec2-3}
---------------

The first author and the head of the nutrition clinic used a free-listing activity to compile a list of messages that mothers heard about infant feeding. Free listing is a technique used in cultural anthropology to characterize items in a cultural domain ([@bib18], [@bib39]). It typically precedes activities such as pile sorting ([@bib39], [@bib40]). Before conducting the interviews with the women who were followed longitudinally in the present study, we conducted the free-listing exercise with 43 key informants, in which we asked them to recall all of the messages they heard from various sources about infant feeding. We specifically probed for messages from the health center, family, friends, and others in the community. We report on the methods and findings from our free-listing activity in additional detail elsewhere ([@bib41]). Both free listing and pile sorting, as well as other methods relevant to cultural domain analysis, are described in greater detail by Weller and Romney ([@bib40]) and Borgatti and Halgin ([@bib39]). For the interviews with the women in the present study, we selected 18 common infant messages from the free lists to inform the development of a semistructured interview guide ([**Table 2**](#tbl2){ref-type="table"}). We placed each of the 18 messages on an index card with a corresponding image and used the set of messages to guide the interview.

###### 

The common infant feeding messages used in the pile-sorting exercises with 30 HIV-infected Haitian women

  ID   Infant feeding message
  ---- -----------------------------------------------------------------------------------------------------
  1    Exclusively breastfeed for the first 6 mo, without giving any other food or liquids
  2    Initiate breastfeeding early for your baby to habituate to the breast
  3    Express your milk in a clean vessel if you are going out
  4    Breastfeed regularly for your breast milk to be produced/to come
  5    After 6 mo, breastfeed and give other foods until 1 y
  6    You can breastfeed if you have HIV if you take your medication
  7    If your breast is hurt, see the doctor and use your other breast in the interim
  8    Exclusively breastfeed for the first 6 mo to protect the baby from getting HIV
  9    Breastfeed the baby to protect it from illness/infection, such as diarrhea
  10   Exclusively breastfeed because it is more economical
  11   Breastfeed for the baby\'s brain to develop well
  12   Breastfeed regularly so that your baby gains more weight
  13   Give your baby other foods to prevent it from pulling gas from you
  14   Do not breastfeed if you have not eaten well
  15   Give the baby *lok* to clean the tar in the baby\'s gut[^1^](#tb2fn1){ref-type="table-fn"}
  16   Do not breastfeed after 6 mo so that the baby does not get the virus
  17   If you have bad blood or you have spent too much time out, do not breastfeed, your milk has spoiled
  18   Wash your hands each time you are going to breastfeed

*Lok* is a commonly used prelacteal feed in Haiti that is made from castor oil, grated nutmeg, sour orange juice, garlic, unrefined sugar, and water ([@bib42]).

The first author and a research assistant conducted the semistructured interviews in Haitian Creole, interviewing mothers about their expectations of and experiences with breastfeeding. The set of cards with the messages was shuffled in random order at the beginning of each interview. During the interview, mothers were asked to sort the messages using an unconstrained pile-sorting technique ([@bib18], [@bib39]). That is, they were instructed to put together in piles all messages they felt "belonged together" using as many or as few piles as they wanted ([@bib40]). Respondents were instructed to set aside any unfamiliar messages and not sort them. After mothers finished sorting the infant feeding messages, we asked them to explain why they sorted the messages the way they did, and probed for differences and similarities between the different piles ([@bib18], [@bib40]). After mothers completed the unconstrained sorting exercise, we asked them to rate each individual message on 2 features: importance and difficulty. For each feature, mothers could rate messages into 3 categories: very, somewhat, or not at all. After we finished this series of rating questions, we asked mothers to explain their ratings and probed for differences and similarities between the rated piles.

The interviews, which included the pile-sorting exercise itself and the discussions with mothers about their explanations of the similarities and differences between the piles, were audio-recorded, transcribed verbatim into Haitian Creole by a research assistant, and spot-checked for fidelity to the recordings by the first author. We repeated these procedures at the second and third visits.

Data analysis {#sec2-4}
-------------

Each respondent\'s Haitian Creole transcript was coded by using a standard grounded theory approach, which utilizes comparative analysis of the interview data to generate conceptual categories and identify emerging themes ([@bib43]). The first author coded and analyzed the transcripts with NVivo version 10.2.2 ([@bib44]), and discussed the coding scheme and a subset of the interview transcripts with 2 of the co-authors. The coding structure was composed of themes that can be regarded as mothers' emic explanations of the similarities and differences between their piles, as well as etic themes that the authors had identified from previous research on breastfeeding. In an iterative process, as new themes emerged, the transcripts were reanalyzed. The quotes were translated from Haitian Creole to English. All of the findings were discussed with practitioners in Haiti.

The quantitative analysis of the pile-sorting exercise followed procedures recommended by Borgatti and Halgin ([@bib39]). We first tabulated mothers' responses into individual 18-by-18 message-similarity matrices, where "1" in the *i*-th row and the *j*-th column represented a pair of messages that were sorted together and "0" represented messages that were sorted in separate piles ([@bib39], [@bib45]). We combined the individual matrices into an aggregate 18 × 18 message-similarity matrix (i.e., a proximity matrix) by taking the mean of the individual matrices to account for the total number of times that 2 messages could have been sorted together (S Borgatti, University of Kentucky, personal communication, 2016). \[The proximity matrix used the mean values, instead of the summed values, of the individual proximity matrices because mothers did not sort unfamiliar messages. Using the mean value accounts for analytical problems resulting from the unsorted messages (i.e., missing data)\]. The proximity matrix represented the proportion of people who grouped each message-pair together. Values ranged from "0" to "1", where "0" meant that no one grouped that message-pair together (i.e., everyone had a "0" in their individual similarity matrix) and where "1" meant that every person sorted that message pair together (i.e., everyone had a "1" in their similarity matrix) ([@bib45]). Small values in the proximity matrix corresponded to pairs of messages that were conceptually different, and values closer to "1" corresponded to pairs of messages that were conceptually similar ([@bib46]).

To answer our first research question about the cognitive structure of HIV-infected mothers' knowledge about infant feeding messages, we used multidimensional scaling (MDS) of the proximity matrices to model the cognitive arrangements of messages ([@bib39]), separately for each of the 3 visits. We completed the MDS analysis using Analytic Technologies\' UCINET, version 6.614 ([@bib47]). UCINET is a software program for social network and cultural domain analyses ([@bib47]). Other software programs, such as ANTHROPAC ([@bib48]), a DOS-based program specific for cultural domain analyses also developed by Analytic Technologies, and R-CMap ([@bib49]), an open-source software implemented in R, can also be used to complete cultural domain analysis and display MDS plots. MDS is used to display proximities between message-pairs using Euclidean distance; greater distances or space between messages on the MDS plot indicate that those messages are not often grouped together and are not conceptually similar ([@bib45], [@bib46]). We ran the congruence procedure on our MDS plots to rotate and scale the pictures to make them maximally similar to one another for subsequent analyses ([@bib47]).

For the purposes of our study, we used 2-dimensional, nonmetric MDS. Inasmuch as the 2-dimensional MDS plot is a distorted representation of an 18-dimension MDS plot (which would be a perfect representation of the 18 × 18 message-pair proximity matrix), we used the Kruskal stress test to determine the degree of distortion and the goodness-of-fit of the 2-dimensional MDS plot to the message-pair proximity matrix. A low stress value indicates a good fit of the MDS plot to the proximity matrix data, whereas a large stress value indicates a poor fit and a highly distorted representation of the proximity matrix data ([@bib50]). For 2 dimensions and 18 sorted items, the stress cutoff at which the data exceeds an acceptable level of distortion is 0.263 ([@bib50]).

To determine how messages were clustered together in the MDS plot, we used hierarchical cluster analysis to identify cutoffs for clusters at each study visit. We completed the hierarchical cluster analysis with the use of UCINET version 6.614 ([@bib47]). To interpret the cluster results, we drew on the mothers' narratives from the qualitative interview transcripts in which they explained why they grouped certain infant feeding messages together, as well as their experiences with and interpretations of the different messages ([@bib40]). To assign the cluster names, we identified commonalities between the mothers' descriptive explanations of similarities and differences of the clusters, as well as our own understanding of message differences. \[Rather than inferring the cluster names on the basis of descriptive qualitative data, an alternative (and more cost-effective) approach to interpret the clusters names is to ask a group of the same participants or a group of similar participants to explain the names of the clusters.\]

We also completed a property fitting (PROFIT) analysis with our message ratings to further understand the axes of the MDS plot. This was done with the use of UCINET version 6.614 ([@bib47]). PROFIT analyses compute multiple linear regressions using the MDS plot coordinates as the independent variables and aggregated rating data as the dependent variable ([@bib47]). Before aggregating the rating data, we carried out a consensus analysis to assess agreement across participants and to confirm that the ratings were representative of a shared culture ([@bib40]). The output of the PROFIT analyses included the following: vector coordinates (representing the direction of rating data on the MDS plot), *R*^2^ values to assess the fit of the vector to the MDS plot, and *P* values to assess the statistical significance of the fit ([@bib47], [@bib51]). *R*^2^ values \>0.9 with corresponding *P *\< 0.01 indicate strong fit to the MDS plot ([@bib51]).

To answer our second question about whether there were differences in the ways mothers cognitively organized messages over time, we used partition analysis to test if the aggregated matrices differed between time points ([@bib52]). For example, we compared the 18 × 18 aggregated proximity matrix at 1 visit (e.g., pregnancy, visit 1) with the 18 × 18 aggregated proximity matrix of another visit (e.g., 0- to 1-mo postpartum, visit 2). To test for statistical differences, we used partition analysis to permute the observed proximity matrices by individual group (or "visit") membership ([@bib52]). That is, we wanted to determine whether random allocation to a group (or "visit") would show as much difference or similarity as the differences or similarities between our observed groups ([@bib52]). The output of partition analysis includes correlation coefficients (Pearson\'s *r*) between each pair of matrices (e.g., visit 1 matrix compared with visit 2 matrix) and corresponding *P* values. The *P* values were calculated by determining the proportion of random correlations that were as small or as large as the observed correlation measure in order to indicate the likelihood of such matrix arrangements occurring by chance ([@bib52]). We completed the partition analysis with the use of UCINET version 6.614 ([@bib47]).

Results {#sec3}
=======

Participant characteristics {#sec3-1}
---------------------------

Thirty mothers were recruited for this study. In our analyses, we did not include the sorting results of 3 mothers who had trouble with the sorting task. These 3 women put each card in a separate pile (i.e., saw no similarities between messages) or put them into piles randomly without explanation as to why the messages were similar. We also did not include the sorting data from mothers who were mixed feeding (i.e., providing food and other liquids with breast milk to their infants aged \<6 mo) or who completely stopped breastfeeding. At visit 2 (0- to 1-mo postpartum), we excluded 2 women who were no longer breastfeeding and 1 woman who was practicing mixed feeding. In addition, 2 mothers were lost to follow-up between visit 1 (pregnancy) and visit 2 and 3 mothers were lost to follow-up between visit 2 and visit 3 (3- to 5-mo postpartum). All of the mothers who were lost to follow-up or who were dropped from the analyses because of their breastfeeding practice were exclusively breastfeeding or had an intention to exclusively breastfeed at the preceding study visit. The total sample size for visit 1 was 27 women, for visit 2 was 22 women, and for visit 3 was 19 women. Because the unit of analysis was the shared cultural pattern (and not individual participants' unique responses), we did not remove participants' data if they did not complete all 3 interviews.

The majority of the women in our study were exclusively breastfeeding ([**Table 3**](#tbl3){ref-type="table"}). Those who were not exclusively breastfeeding were predominantly breastfeeding (e.g., had provided water but not foods or other liquids to their infants). As determined by nonparametric statistical tests (Fisher\'s exact test, chi-square test for independence, and Kruskal-Wallis H test), the time-variant characteristics of the mothers included in our analysis (e.g., perceived difficulty of exclusive breastfeeding, perceived breastfeeding support, perceived social support, etc.) were similar across all time periods ([Table 3](#tbl3){ref-type="table"}).

###### 

Characteristics of HIV-infected mothers who completed the pile-sorting interviews at pregnancy, 0- to 1-mo postpartum, and 3- to 5-mo postpartum[^1^](#tb3fn1){ref-type="table-fn"}

                                                                      Pregnancy                                       0--1 mo      3--5 mo
  ------------------------------------------------------------------- ----------------------------------------------- ------------ ------------
  Age,[^2^](#tb3fn2){ref-type="table-fn"} y                           31.1 ± 5.3[^3^](#tb3fn3){ref-type="table-fn"}   31.3 ± 5.3   31.4 ± 5.4
  Children, *n*                                                       3.0 ± 1.4                                       3.2 ± 1.4    3.1 ± 1.4
  Primiparous (yes), *n* (%)                                          4 (14.8)                                        2 (9.1)      2 (10.5)
  Past EBF experience (yes), *n* (%)                                  5 (18.5)                                        5 (22.7)     5 (26.3)
  Current practice (EBF),[^4^](#tb3fn4){ref-type="table-fn"}*n* (%)   22 (81.5)                                       19 (86.4)    17 (89.5)
  Perceived difficulty of EBF, *n* (%)                                                                                             
   None                                                               17 (63.0)                                       14 (63.6)    15 (78.9)
   Somewhat                                                           6 (22.2)                                        7 (31.8)     3 (15.8)
   Very                                                               4 (14.8)                                        1 (4.5)      1 (5.3)
  Perceived BF support,[^5^](#tb3fn5){ref-type="table-fn"}*n* (%)     18 (72.0)                                       16 (72.7)    14 (73.7)
  Perceived social support, *n* (%)                                                                                                
   Low                                                                9 (33.3)                                        4 (18.2)     2 (10.5)
   Medium                                                             17 (63.0)                                       16 (72.7)    17 (89.5)
   High                                                               1 (3.7)                                         2 (9.1)      0 (0.0)
  Maternal depression, *n* (%)                                                                                                     
   None                                                               11 (40.7)                                       12 (54.5)    11 (57.9)
   Sometimes                                                          14 (51.9)                                       8 (36.4)     6 (31.6)
   Always                                                             2 (7.4)                                         2 (9.1)      2 (10.5)
  Duration of HIV infection, *n* (%)                                                                                               
   \<1 y                                                              3 (11.1)                                        3 (13.6)     3 (15.8)
   1-4.9 y                                                            14 (51.9)                                       12 (54.5)    11 (57.9)
   5-9.9 y                                                            9 (33.3)                                        7 (31.8)     5 (26.3)
   ≥10 y                                                              1 (3.7)                                         0 (0.0)      0 (0.0)
  Fear of HIV disclosure, *n* (%)                                                                                                  
   Low                                                                2 (7.4)                                         2 (9.1)      2 (10.5)
   Medium                                                             16 (59.3)                                       12 (54.5)    9 (47.4)
   High                                                               9 (33.3)                                        8 (36.4)     8 (42.1)
  Number of piles                                                     6.0 ± 2.8                                       5.0 ± 2.8    4.6 ± 2.8

BF, breastfeeding; EBF, exclusive breastfeeding.

Missing data from 1 woman during pregnancy; the mean accounts for this.

Mean ± SD (all such values).

Current EBF practice in pregnancy represents what a woman intended to do and not her current practice.

Missing data from 2 women during pregnancy; the percentage value accounts for this.

Cognitive structure of infant feeding messages during pregnancy {#sec3-2}
---------------------------------------------------------------

We determined that, before delivery, mothers shared a common cognitive structure to organize infant feeding messages. The MDS analysis of mothers' cognitive organization of infant feeding messages during pregnancy showed a good fit to the proximity data, with a stress value of 0.104 (cutoff = Kruskal stress \< 0.263) ([**Figure 1**](#fig1){ref-type="fig"}). With the use of hierarchical cluster analysis, we identified 3 main clusters. We labeled the clusters, using both etic and emic analyses of the coded interviews, as follows: culturally generated messages (messages 13, 14, 15, and 17), health center messages (messages 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 18), and an early weaning message (message 16).

![HIV-infected mothers' cognitive structures about infant feeding messages at pregnancy (as mapped by using MDS, hierarchical cluster, and PROFIT analyses). This figure represents the MDS plot of 27 HIV-infected mothers. The Kruskal stress test indicated a good fit, less than the cutoff of 0.273. Numbers represent individual messages (as described in [Table 2](#tbl2){ref-type="table"}) and the circles around the numbers indicate clusters based on hierarchical cluster analysis. From this figure, we can discern that mothers' perceptions are patterned into 3 main clusters. The distance between numbers (i.e., messages) indicates how closely related they are to one another---the greater the distance, the less similar the message pair, and the smaller the distance, the more similar the message pair. For example, messages 1 and 12 were grouped close together and are more similar to one another than, for example, messages 5 and 15, which are much further apart. The lines in the figure represent the dimensions of the MDS plots based on the PROFIT analysis. The direction of the arrows indicates the increasing value of the dimension. MDS, multidimensional scaling; PROFIT, property fitting.](nzy017fig1){#fig1}

The dimensions of importance and difficulty showed good fit to the MDS plot, based on the PROFIT analysis (lines in [Figure 1](#fig1){ref-type="fig"}). *R*^2^ values were 0.91 (*P *\< 0.001) and 0.86 (*P *\< 0.001), respectively. Although the *R*^2^ for difficulty was \<0.9, we retained it because it approached the 0.9 threshold. We found that the directions of importance and difficulty were inversely related. For instance, the cluster of culturally generated messages (messages 13, 14, 15, and 17; bottom left of [Figure 1](#fig1){ref-type="fig"}) were rated as highly difficult and not very important. Conversely, items deemed to be very important were considered to be not difficult to practice.

The MDS maps of mothers' sorted messages at visit 2 and visit 3 also showed a good fit to the proximity data, with stress values \<0.10 ([**Figure 2**](#fig2){ref-type="fig"}). The lines representing importance and difficulty also showed a good fit; the *R*^2^ values from the PROFIT analyses for importance and difficulty were 0.97 (*P *\< 0.001) and 0.96 (*P *\< 0.001) at 0- to 1-mo postpartum (visit 2) and 0.96 (*P *\< 0.001) and 0.91 (*P *\< 0.001) at 3- to 5-mo postpartum (visit 3), respectively. Over the course of the 3 visits, mothers consistently identified the same 3 main clusters and consistently identified which messages were important and which were difficult.

![HIV-infected mothers' cognitive structures about infant feeding messages over time (as mapped by using MDS, hierarchical cluster, and PROFIT analyses). This figure represents the MDS plot of 27 HIV-infected breastfeeding mothers at pregnancy, 22 HIV-infected breastfeeding mothers at 0- to 1-mo postpartum, and 19 HIV-infected breastfeeding mothers at 3- to 5-mo postpartum. The Kruskal stress indicated a good fit, at \<0.273. Numbers represent individual messages (as described in [Table 2](#tbl2){ref-type="table"}) and the circles around the numbers indicate clusters based on hierarchical cluster analysis. The lines in the figure represent the dimensions of the MDS plots based on the PROFIT analysis. The direction of the arrows indicates the increasing value of the dimension. The 3 main clusters of messages were maintained over time. The shading in the figure depicts how the proximity or similarity between messages changed over time (i.e., the spread of the clusters). MDS, multidimensional scaling; PROFIT, property fitting.](nzy017fig2){#fig2}

Changes in cognitive organization of infant feeding messages over time {#sec3-3}
----------------------------------------------------------------------

There were subtle differences in how closely or tightly clustered messages were to one another over time, as shown by the shaded spread of clusters across the 3 visits ([Figure 2](#fig2){ref-type="fig"}). During pregnancy, the health center messages were less tightly clustered than at either of the 2 postpartum visits. This was particularly true for the comparison of the pregnancy visit with the 0- to 1-mo postpartum visit. At 0- to 1-mo postpartum, mothers were highly consistent in their grouping of messages, and as a result, messages were more tightly clustered. We hypothesize that this resulted from an increased dichotomization of health center compared with culturally generated infant feeding messages, which may be associated with a heightened sense of duty to and concern for the new infant and successful breastfeeding practice. This idea was expressed by one mother, as follows: "I am \[exclusively breastfeeding\] because I am a mother. God gave me this baby for me to manage her life. If the baby undergoes a shock tomorrow, I do not want to be the one responsible. When the child comes and says, "Mother, where did I get this thing (HIV)" I do not want to tell my child where I got the virus. I would not want to have any other children again if that happened. ---Primiparous mother, 0- to 1-mo postpartum"

At 3- to 5-mo postpartum, mothers were more nuanced in their views about how some of the messages related to one another, the perceived importance and difficulty of those messages, and the implications of those messages for the child\'s health. For instance, although not clustered as tightly as messages 0- to 1-mo postpartum, there were some health center messages that were more tightly clustered at 3- to 5-mo postpartum than they were during pregnancy. Two messages, message 7, which was concerned with injured breasts and cracked nipples, and message 17, which was concerned with spoiled milk, mapped further apart from the other messages in their respective clusters. That is, they were not as conceptually similar to other messages at the 3- to 5-mo postpartum interview as they were in the pregnancy and 0- to 1-mo postpartum interviews. By 3--5 mo postpartum, the PROFIT analyses indicated that message 17 had become more important and less difficult for mothers than their perceptions at the other visits.

Both message 7 and message 17 are concerned with adverse cultural and biomedical outcomes if mothers are not careful with breastfeeding management. These adverse outcomes are shown in the narratives of these mothers: "If your breast is hurt, you need to use just one. You go to the doctor for the doctor to give you some medicine. . . . If your breast is hurt, and the baby pulls at that breast, the baby will get sick \[with HIV\]. The baby will pull blood, and that is not good.---Multiparous mother, 3- to 5-mo postpartum regarding message 7""\[When you have been out for a while\], after a bit of time, you can breastfeed. Sometimes I drink water, or if not, I do not breastfeed for a while and then after \[I have waited\], I do breastfeed. It is important because... if you just come in and you breastfeed your baby, your milk is hot, and it can give the baby diarrhea, it can make the baby sick. ---Multiparous mother, 3- to 5-mo postpartum regarding message 17"

Despite these time-related differences, the partition analysis, which compared the aggregated proximity matrices over time, showed that the MDS maps of mothers at all 3 visits (during pregnancy, 0- to 1-mo postpartum, and 3- to 5-mo postpartum) were correlated ([**Table 4**](#tbl4){ref-type="table"}). That is, mothers' sorting patterns, reflecting how they organized infant feeding messages, were similar across the 3 periods, and the time of the visit did not significantly influence how they sorted. These results were observed in the stability of the 3 fundamental clusters of messages in the MDS plots and the mothers' evaluation of the content of those clusters with respect to difficulty and importance. For example, in our interviews, mothers consistently articulated the importance of exclusive breastfeeding and of health-center messages. One mother stated, "Exclusive breastfeeding is good for him \[the baby\] because it makes him not sick; it helps him to grow well. They \[the health providers at the health center\] do not recommend anything else, because other things can give diarrhea. Exclusive breastfeeding is best.---Multiparous mother, pregnancy"

###### 

Correlations of HIV-infected mothers' aggregate proximity matrices across pregnancy (visit 1), 0- to 1-mo postpartum (visit 2), and 3- to 5-mo postpartum (visit 3)

                        Pearson\'s *r*   *P*             
  --------------------- ---------------- ------- ------- -------
  Visit 1 vs. Visit 2   0.880            0.889   0.677   0.324
  Visit 1 vs. Visit 3   0.867            0.905   0.936   0.065
  Visit 2 vs. Visit 3   0.951            0.937   0.231   0.769

One message, message 16, stood on its own at each time period. This message was related to weaning the infant completely off the breast at 6 mo. This message was recommended in earlier WHO guidelines for HIV-infected women but is no longer recommended. Nonetheless, it is still part of the feeding-related messages that women hear, although where they hear it (health centers, their past experience, or the community) is not clear. In the respondents' sorting, this message was consistently placed in a separate pile and not seen as related to the other messages. In addition, many mothers expressed discomfort about continuing to breastfeed after the introduction of complementary foods, even though, as described in the quote below, that is what they felt they would have to do: "They say the baby does not have \[HIV\]. If it were possible, I would completely wean the baby from the breast. But I do not have any other possibilities. When the baby is ready to eat, he is familiar with the breast and you have to make sure you have something to give him to drink. I might not be able, so I will continue to breastfeed. But I am not comfortable giving food and breast together.---Multiparous mother, 3- to 5-mo postpartum"

Discussion {#sec4}
==========

This study shows the insights that emerge with the use of the cognitive mapping technique of pile sorting. It provides a systematic framework to examine shared perceptions and cognitive classifications and can be used as a tool for researchers to measure and evaluate cognitive processes in nutrition interventions, including changes over time. Our research also shows the use of quantitative methods to interpret emic data and shows that ethnography is a mixed-method approach that is not synonymous with narrative analysis alone ([@bib9]). Pile sorting is one method of several that can be used to identify emerging patterns and to quantify the degree of shared culture and consensus among a group of study participants. For researchers concerned with quantification, the approach provides a means to quantify qualitative data with a small sample of respondents. Software programs, such as UCINET, ANTHROPAC, and R-CMap, provide easy-to-use platforms to analyze pile-sorting data and can be used to produce proximity matrices for MDS and cluster analyses of items (and individuals).

In this study, our analyses identified the existence of a shared "culture" among HIV-infected, breastfeeding mothers. Our results indicate that mothers systematically organized infant feeding messages, and this organization can be characterized as a shared cognitive structure. This level of sharing was not a foregone conclusion before the study showed it. Intracultural diversity is often revealed in cognitive mapping studies ([@bib53]). Proximity matrices produced by the pile-sorting method can identify individuals or groups of individuals who do not share the same cognitive structure. For breastfeeding, in which the complex organization of ideas involves both traditional and new, "foreign" cultural elements, one might have predicted a much lower level of shared cognitive organization than that which was found in our study.

The study also shows the value of using nonparametric statistics to compare the cultural patterns of different groups---in this case, comparisons of the effects of time. Although we used the UCINET software program to complete the partition analysis, R-CMap is also developing functionality to evaluate and statistically compare pile-sorting results with one another. Care providers and program planners can use these methods to explore how different concepts are classified and cognitively organized by different groups of people they are working with, and how those change with participation in interventions or experience with practice of nutrition-related behaviors.

Our analysis documented both continuities and changes over time in how mothers related individual messages to one another. We found that mothers' progressive experiences with breastfeeding did not change the basic clustering of infant feeding messages from pregnancy to 5-mo postpartum. The visual representation showed 2 distinct clusters: *1*) messages whose origins are in traditional culture, as experienced by women as members of their larger community, and *2*) messages whose origins lie in the international biomedical culture, as conveyed by the health system. Community-generated cultural messages appeared to be less important for mothers (as determined by the PROFIT analysis). The finding of the 2 distinct clusters raises the question about whether HIV-infected mothers experience a conflict between the cultural norms of their community and the biomedical recommendations they receive from the health center, which they had indicated as being more important and less difficult.

The narrative data from this study elucidated the distinction between different sources of information and suggest that women placed a heavy reliance on their health care providers with respect to recommendations about infant feeding. This reliance might have been magnified by mothers' fears of adverse outcomes for their infants if they do not follow health center guidelines, specifically about vertical transmission of HIV. This result aligns with other studies in which HIV-infected women discuss the importance of "informed" messages from the biomedical community about exclusive breastfeeding and in which they express difficulty with navigating constant pressures to not breastfeed exclusively ([@bib31], [@bib54]--[@bib59]). Mothers are often responsible for translating the advice they receive from the clinic to their families and communities. For instance, in Malawi, mothers were responsible for attending clinic visits and receiving child feeding advice from health care providers ([@bib57]). They were then responsible for sharing that infant feeding advice with other caregivers in the family and navigating conflicts between that advice and advice from other sources ([@bib57]). Our findings are also consonant with findings from other studies about breastfeeding in the context of HIV concerning mothers' general fear of transmitting the virus to their infants through breast milk ([@bib54], [@bib60]) and after 6 mo with complementary feeding ([@bib56]). In sum, this study provides further evidence about the disconnect between culturally generated messages and health center messages.

Our results also showed that at 0- to 1-mo postpartum, mothers' cognitive organization of infant feeding messages is much more closely clustered than it is before giving birth or after more months of experience. We suggest that one explanation for this lies in the intensity of the breastfeeding experience in the immediate, postdelivery period. From the literature, we know that women often experience problems with breastfeeding in the first month postpartum ([@bib61]) and find that breastfeeding is more exhausting and time-intensive than they had anticipated ([@bib27], [@bib64], [@bib65]). The reality of breastfeeding often does not align with the idealistic recommendations mothers receive ([@bib27]). In the first month, mothers are relearning and sifting through information that they received during pregnancy and are trying to connect it to their experiences with their own bodies and infants in a practical way ([@bib64]). The tighter clustering of messages in the first month postpartum might reflect this cognitive stress. It is often not until a few months postpartum that mothers develop a "routine" ([@bib66]). In our study, by 3- to 5-mo postpartum, mothers' MDS plot became somewhat more differentiated with respect to their perceptions of similarity, as well as their perceptions of importance and difficulty. Attention to this feature has implications for breastfeeding education. It suggests the need to develop patient-centered counseling strategies that respond to changes in mothers' cognitive patterns by better tailoring the content and better targeting the timing of recommendations about infant feeding.

Our findings have several limitations. First, one of the criteria for participating in the study was breastfeeding practice, and we therefore only documented the cognitive structure of mothers who were exclusively breastfeeding or predominantly breastfeeding. As such, our results are specific to HIV-infected, breastfeeding, health-seeking mothers at GHESKIO, and their generalizability should be viewed with caution. These mothers are likely to be more influenced by and responsive to infant feeding messages from the health center. Mothers in Haiti who are not breastfeeding (or who are mixed feeding) or who do not seek antenatal care may have different cultural views. Second, we did not examine the connection between mothers' cognitions and their breastfeeding practices because the purpose of the study was to explore changes in breastfeeding mothers' cognitive structure over time. A larger, more heterogeneous sample would allow us to explore differences in cognitive structure for different infant feeding practices, as well as for other aspects that might result in heterogeneity of the sample (e.g., history of care, etc.). Third, pile sorting is limited in its ability to answer questions about directionality. The sorting results alone can indicate that the cognitive structure changed, but they do not provide reasons why (e.g., as a result of breastfeeding practice, recommendations from the health center, or other experiential factors). Although narratives from respondents can provide useful insights to interpret findings ([@bib40]), additional follow-up and inquiry are required to strengthen interpretations. Finally, we note that our findings are limited to the messages we asked women to sort. However, we believe that these were representative of common and salient infant feeding messages in the community.

Despite the limitations, the study highlights the value of empirically investigating changes in mothers' cognitive processes about infant feeding messages over time and shows that changes can occur even over a relatively short period of time. This research fills gaps in the knowledge about how women perceive and prioritize different recommendations about infant feeding. The proximity of different messages to one another also has implications for how practitioners might tailor messages. It can inform practitioners about when they might best target their interventions or reorient their counseling support. In the future, investigators may want to apply cognitive mapping techniques to explore the cognitive processes of other groups of women in Haiti, including women who are not HIV-infected or not practicing exclusive breastfeeding. Going beyond the Haitian context, we hope the approach taken in this research will lead to insights about breastfeeding in other countries and cultures.

In conclusion, this study shows the use of pile sorting to investigate cognitive processes with the use of emic, quantitative methods that identify emerging patterns in a group of people. The identification of mothers' cognitive structures and the recognition of how they change over the course of their breastfeeding experience contribute to continuing efforts to develop patient-centered infant feeding counseling to support recommended infant feeding behaviors. It highlights how the content and timing of recommendations matter, because their relevance changes with lived experience. Beyond the realm of infant feeding, our study suggests the utility of using transdisciplinary methods to capture the dynamism of cognitive processes resulting from experience, practice, or exposure to public health interventions.
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